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s 0 f electrodes , suspended [directly in the salt. bath. The patented 
plished by rf eIectro d es provide an electromagnetic actiomwhich results in 

groupfoS s ^° stij £ ng act i on . This stirring tends, to produce.an even temperature 

^ aUt hnut the bath. • ; • 1 V ; - !i - 

^ougno p. nflCe . Vacuum heat treatment is a' relatively new - development in 
Vacuum r ' j wit h j vacuum -substituting for the more commonly . used 
^etallurgi^ P r heres- most - 0 fien used furnace is'the '•'■eblff wall' 5 type, 
protective ter . C00 i ed vessel that is maintained near ambient temperature- dur- 
consisting oi * quenching, the chamber; is backfilled ! up to or above atmo- 

ing °P era "«; ire with an inert gas, whichis Circulated by an internal fan. When even 
sphencpressu nee ded, furnaces' are available ; with"' capability -for liquid 

*"5 Sl'JdBed Furnace: Fluidized^b'ed ^techniques . atf ^>pl'hewr|pyfiyer,,ne^ 
F Ems have extended the technology into the temperature ranges required 
furnace oe^ ^ treatments ^ fluidization, a. bed of dry, finely divided parti : 
fcfr most c™ a]wninum oxide, is made to bchavetike a liquid by feeding gas. upward 
cles, WJ^v d An irnportant characteristic of the bed is high-efficiency heat trans r 
^Applications include continuous or batch-type units for all.general heat treat- 
ments. •■ v '■■::/(•: ■'• ■ ■-■ '-: ■/,;_'-■ • ""' ._; 

. steps | n Hardening. — The.operatipn of hardVping^steel ponsists fundamen^ 
n of two steps. The first step is i to heat the .steel to. some temperature, abpye 
t allv at least ioo degrees F.- above) its'transfbrmation point, so that it .becomes 
■ SSv austenitic in structure. The second -step is ^ t qfi«ic^the,s^at^m^irge 
? ter than the critical rate (which depends on the carbon Content, the, amounts, of 
iSvine elements present other than carbon, and the grain size of the austemte) to 
Tduceamartensitic structure. The . hardness of a.martensiuc,steel depends;upqn its 
Sbon content and ranges from about. 46b. Brin^ii' 8t.oI^ i pCT':cent...Cj8rfb^i to about 
?io Brinell above 0.50 carbon. In comparison, ferrite has a. Iiarfnies8.;ptabput qq 
Brinell, pearlite about 240 Brinell, and cemehtite.aroiipd 550 Brinell; , : . ,.. :;I .., ,.. , . 

Critical Points of Decalescence Sh& Recal&cence. -4-The Critical oHiahsformatiohi 
ooint at which pearlite is transfofth6d ; tofb^ also 1 called 

the decakscence point. If the46mp>ra'tute "of the steel' 1 was 'observed as it p&ssesd 
through the decalescence point, it would be noted thatit would continue to absorb 
heat without appreciably rising in temperature' although theraimediate •surroundings 
were hotter than the steel SimUarTy^tTie critieal dr tra^Fp^to-^oinf ^rt -ti/Mcfo; 
austenite is transformed back f mto ; pearfite.'i|p6h cooling is called the recalescerice 
point. When this point is reached; the ^'eel will give ^but heat so ! that" its' temperature, 
instead of continuing to fall; will momentarily increase, 

Therecalescence point isloWer thaii the deeaescence point by anywhere from 85. 
tb 215 degrees F., and the'lpWfer = of these. p^ the 
higher one has first been fully-passed- These critical joints have a 1 direct relation' to 
the hardening of steel. Unless a temperature sufficient to' .reach the decalescence point 
is obtained, so that the pezfrliteMs ^^bu^^tp'ausfenpfr/iib' hardening action can- 
lake place; and unless the steel is cooled suddenly before it reaches the recalescehc^ 
point, thus preventing the Changing-back again frPmaust'ehite topear-lite, no hardeii L ; 
ing can take place. The criticaTpbmtf 'vary for dhTererif lqnds bf steel-and must ! be 
determined by tests in each case/It is the yariatipii. iii the critical : points { that makes -it 
necessary to heat different steels to different temperatures when hardening; - 

Hardening Temperatures; — The-; maximum temperature. : tp; which': a steel is 
heated before quenching' to hardenit, is. called- the hardening temperature.. Harden- 
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> « fnr different steels and different classes of service, althofo 
ing temperatures ^^ t ™^wSSng temperature for any given steel i s ^ 
in general, ^^^^^J^^^ ^ above this point the harS 
the lov/er critical point of that stee . jubi uv », 

composition of the steel, w ™ aTTl0UIlt «f excess cementite (if the steel has 

rt^^^^^^J^^^tmpa^-f^ carbon steels is ^ 
The general range of f ^X^St!ve of 'general practice and is not intended 
the diagram This WJPf^^toto; It can be seen that for steels oft 
represent absolute hardening ^mperatwe mm ^ * 

than 0.85 per c^ ert " ture af SaU rf the excess ferrite has bl 

point that is, above > the W*»» ^Jfor steels of more than 0.85 
dissolved in the austemte. Cta^qw = °™. r " 0 ^ eW i, a t below the upper critical pel 
carbon content the h£derang rang ^* ££™ the excess cementite still ,3 
This indicates that m ^harden g ^ cent carbon content^ 2 

ature at which it would «^a^o« «o» ^ J 

that takes place at higher temperature, t is now reanz - 
be applied generally sm<* there, ^ Sness can he impaired b V ^ 

into consideration Fq. ewmb, * ^J** ^ latere.' tt is true, however, 
g^SSt^Sf^ portion, increased scale, 
decarburization. 

Hard^ Temperatures ^^^^^^^3M 
tures for any given tool steel "^j^^^S^ ° f 11)6 toal 
class of service- Wherever hardening tempi 
manufacturer should be fr 1 ^' ^"^"o^ are as follows: For steel o£o^ 
tures of carbon ^^f^^^^L F.; for steel of 0.80 to 0.95 1 | 
to 0.80 per cent carbon content i«r to ^SP 9r= steel of 0 95 to 1.10 per cent cartel 
cent carbon content, ^°J^**ffiffirf mo percent and over ^ 
content, 1390 to W^f^^.kwW«»fclrf 
content, 1380 to 1420 degrees ^f^S"^ pen ' et r a t on aiid increased comp^, 
temperatures^ 

Determining Hardening Temper^- V^gSEStSSM 
fled directly or it may be spec *edmdn^y £*gjg£ & direcUy> | 

lower critical point of ** **** S e temWrattrre or a pyrometer of# 

rometer of the type which indicates ™^ce tempe ft metersha. 

t^pe which indicates the -^^^^^^^Z^jJm 
fa^^^^^^T^^m^ that the required harde»| 



^Sicated by 'MSi'^topSit, the temperature of the work 
HP** £fct of the ^?^SKor««rii«WP^«*» dM stafonary or 
P°£ d the pyrometer ,n ^™ g de „ en ding upon the heat input rate, 

«» C &enangesm «™^^^ffiS*i begins* rise. Since a small 
* 6ait Jrted and the temperature 01 in { <j d rf ^ h structural changes 

^a«P^ t Cointer first becomes stationary. ........ 

, . 1 j B „ th « — The liquid bath commonly used for heating steel 
„ .rtn 8 Steel in Uqmd Baths. ^ "e chloride, a 

fi ip^tory to ^' 0 to metallic salts. Thernolten sub- 

barium and P ota ^ r „'t™ d the hea t required may be obtained from 
^fis retail W as follows-. No 

ft or ^^^XTx^tm^ above that of the hath; the tempera- 
Bfj S the work can he heated to^ are mp practice, to give the 

^d^ainst oxidation. ,.. ; ;. . . ,.. ; 

^Batbs.-Moltenba^^^ 
s i ve fforheat.treWperatons 

£d for annealmg ^""^ temperature and other metallurgical require- 
rfvailable that f**^^Kfar heating too! and die steels without 
a eats. Far rtS^f^^SSigtJie surfaces of Jow,carbon steel parts; 
^rburizing the gate**. "™^„ temperatures of, say, 3 oo to noo degree* E.; 
Sto adapted for ^^™ P S sr Z e s U p to approximately 2400 degrees.*. 
Jbams that may be ^eated I to tempera p ^ ■ ^ ^ of ^ 

^.hardening hl 8 h - sp ^i tein 2 selected to suit-the requirements. For example, a 
Veiling, the type ^^STme ends of mbing:or other parts, or an 
*** 5^ ^halh fecXS hlendsrf shafts or other p^s. Surfaces that 

are not to be ^^r^ V^g U w^ted to the carburizing action. i-,„ Mn 
theunplated parts are suojec^ potassium, barium, and calcium chlo- 

Baths may con ^f* Galium barium, and calcium in varying proportions, 
rides or nitrates ^^^^^^^^^-'itm^^ to prevent 
^■^Zv^roZiM rhL salts provide baths of different prop, 
decarbunzahon. v ^°? s P ; ™P y? " used as sodium cyanide costs less; The specific 
^TST* IstghastoofS^ 

OS& *A Sak1nd g does no, have to be held below the surface as m a. 



Th. Ijad Bath - The lead bath is extensively used, but is not adapted to the 
preheated before plunging it into the molten lead . 
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Defects in Hardening, * Uneven ft eatingis' the .'cause of most of the defecJB^ ^ .quenching , oil should possess a flast .and ^g^gj 

-dening. Cracks of a circular form, from the corners' or "^es of a tool, i^ljM^ : binder the ^^^f^^il regulates the hardness and toughness of the 



hardening, ^mwiv* ^ «. — ™» r .. ~- — 0 -- - 

uneven heating in hardening. Cracks' of a; vertical 'nature 'and dark-colored n 
indicate that the steel has been burned' and should be put on the scrap heap, j 
that have hard and soft places have been either unevenly heated, unevenly Co 
or ' 'soaked; ' a term used to indicate prolonged heating. A tool not thoroughly ^ 
about in the hardening fluid will show hard and. soft' places, and have a tendency! 
crack. Tools that are hardened by dropping them to the bottom of the tank somet^ 
have soft places, owing to contact with the floor or sides . 

Scale on Hardened Steel. — The formation of scale oh the surface of har<fe 
steel is due to the contact of oxygen with the heated steel; bence, to prevent scy™ 
the heated steel must not be exposed to the .action of the,;air.;.When using aa Qv JI 
heating furnace, the flame should be. so regulated that it is not 'visible in the heatiSI 
chamber. The heated steel should be. exposed to the air as little as possible, y\M 
transferring it from the furnace to the quenching bath. An.old- method of prevent^ 
scale and retaining a fine finish tfh dies used in jewelry manufacture, small taps, #M 
is as follows: Fill the die impression with powdered abrade acid and place nearit 1 ^ 
fire until the acid melts; then add-a. little more. acid' to insure. covering all the surface 
The die is then hardened in the. usual way, If:.the.boraciC-acid:does not com^Q 
entirely in the quenching bath, immerse the work in boiling water. Dies hardened t 
this method are said to he as durable as those heated without the acid. 

Hardening ot Quenching Baths. The purpose of a quenching bath is to reiacu 
heat from the steel being-hardened at a rate that is faster than, the critical cooling r& 
Generally speaking, the more rapid the rate of heat extraction above the cooling rate! 
the higher will be the resulting hardness. To; obtain the* different rates of cooli 
required by different classes of work, baths of various -kuids ; are used, These held, 
plain or fresh water, brine, caustic soda solutions, oils of various classes, oil-wat 
emulsions, baths of molten. salt or lead for high-speed steels and air cooling for some 
high-speed steel tools when a slow rate of cooling is required; To minimize distortion 
and cracking where such tendencies are present, without . sacrificing depth of hardnes| 
penetration, a quenching medium .should be selected thatwill cool rapidly at' * 
higher temperatures and more , slowly at the lower temperatures,. Id below 
degrees F. Oil quenches, in general meet this requirement. ....... 

Oil Quenching Baths Oil is used very' extensively, as a' quenching medium as'f. 
results in a good proportibn'of hardness, toughness . and. freedom from warpage whejn]^ 
used with standard steels. Oil batiis'are .used, extensively for alloy steels. Variomj 
kinds of oils are employed such as prepared mineral oils and vegetable, animal anl 
fish oils, either singly. or jii combination. Prepared mineral quenching oils are wideF 
used because they have good quenching characteristics, are chemically stable, dp pi 
have an objectionable odor, and are relatively inexpensive, Special compounded pil| 
of the soluble type are used'in many plants instead of such oils as fish oil, linseed o|| 
cottonseed oil, etc. The soluble properties enable the oil to form an emulsion will 

^Oii cools steel at a slower rate than wa'ter, but "the rate is fast enough for alloy! 
steeL Oils have different cooling raies, however, and this rate 'may vary through OT 
initial and final stages of the quenching operation. Faster- codling in the initial stagr 
and slower cooling at lower temperatures is preferable because there is less danger ® 
cracking the steel. The temperature of quenching oil baths should range ordinarM 
between 90 and 130 degrees' F. A fairly constant, temperature may be maintained! 
either by circulating the* oil through cooling coils or by using> tank provided wiOT 
cold water jacket. '® 



\ igpodfluenc^^^^d^sF, should be about the nnmmum 

i='»rth? c .* a f 0 fft e "il regulates Hie hardness and- toughness of the 
^Sfihe 8Pf^. h «« °LT er the specific heat.the higher- wBl be the hardness 

? uC ;„csd. Specific heats oi q s mi pf soluble and 

1 • w.fer -Many <aAon : tool?sIge]s are hanjefiediby^ftrsmgften) 

- , Que*";? 8 ^ water but water is not anideal quenching Medium. Contact between 
fnabath of fresh w f ^V.ue Pooling of the hotsteel is.impaired by the formatioiit)f 
Setter and ^Stog^S 

£, bubbles or an > »! p f :excessiw strains wbtch may cause !the 

&* is Tto £S £eater dangenof eracking in afresh waterbath than*. 

. ta order to secure in percent 'may;-be- added to the bathm 

salt (8 or 9.^ ?™ ISent the formation of, a: Vapor film .or gas pockets:, thus 

prorooung ^ ' y iv Tentfo about 8 perlcentof salt. Brine isjnotjnherently a more 
^* rf *S^nching medium than plain water. L idmbugh;itrmay s eem,to_be 
\fbrine ma" uer contact witfir.the heated steel f^™'"^ 
because the ^ $m oath;quenc hing, a: slow up-and-dowmmovement-of 

7" ^teth has a grktVal to do with the ..hardness otoed,:The,h,gh^ the 
hardening * j£ hin „ wate r, the mone nearly does its sffect-appnoach.that.of 

oil; •S? frfS K facr! it would leave the steel nearly soft.- Parts of irregular-shape 

Sd« cooli "! r t^1^honld be "soft'' asunsatisfactory Teswts Will ^.obtained 

W "5 t^cre^e theiTrate of cooling. A water bath having ! or 2 inches of oil on the 
end? c comSs employed to' advantage for- quenching tools made of higfcearbon 
^"WSiS^Sch the work first passes reduces the sudden quenclung 

aCti S^h should be amply.large to dissipate, the heat rapidly and^the temperature 
Jl i teteSXrt cSS:" so that successive pieceswill be coo led atthe : same 

t hregS shaped parts should.be.immersed so that.the ^^P^etesS 

Srti™ enters the bath first: After, immersign, fte part to bejiardeped shouM be 
!S1nTebathTeagitation-redu 

SaSon enain^ 

Jo Id never be dropped to the boltpct of the bath until quite cool. . , , ' 
ileal Quenching by fremre-m^mg^m faM c ***' 

S Kt tough body, the queiihing-imiy.be done, by graying: water under 
S^mst the interior or-dther sbrfeces to beh^edv Spefital spjSYmgfe 
ureS are used to hold the tool and app!y-.fhe,s E ray where the hardening ^ffedi 
The pressure-spray prevents the formation of gas. ; ppckefi : preyiously referred to pi 
Son with the fresh water quenching bath; Hence fresh water is effective for 
flush quenching and there is no advantage in using bnne.- .. .; 
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Quenching in Molten Salt Bath, — A molten salt bath may be used in prefe rftllc . 
to oil for quenching high-speed steel The object in using a liquid salt bath for quen | 
ing (instead of an oil bath) is to obtain maximum hardness with minimum coolL, 
stresses and distortion which might result in cracking expensive -tools, especially f 
there are irregular . sections. The temperature of the quenching bath may be ajro^ ! 



mere arc lu^guicu ac^ii^no. iv^vi^wv — — ^ v» ~ ----- j — ^ 
noo or 1200 degrees F. Quenching is followed by cooling to room temperature ^ 
then the tool is tempered or drawn in a bath having a temperature range of 950 ^ 
1100 degrees F. In many cases, the tempering temperature is about 1050 degrees p-^ 

Tanks for Quenching Baths/^ The main point to be considered in a quenc%a 
bath is to keep it at a uniform temperature,, so that successive pieces quenched 
be subjected to the same heat. The'next consideration is to keep the bath agitated, s <jf 
that it will not be of different temperatures in different places; if thoroughly agitat^:* 
and kept in motion, as is the case with the bath shown in. Fig. 1, it is not ^ 
necessary to keep the pieces in motion in the bath,' as steam' will pot be likely to f ornj . 
around the pieces quenched. Experience has proved that if a piece is held still qm| 
thoroughly agitated bath, it will come out much straighter than if it has been movent 
around in an unagitated hath. This is an important consideration, especially 
hardening long pieces. It is, besides, no easy matter to keep heavy, and long pieces^; 
motion unless it be done by mechanical means. ( -ff 
In Fig. 1 is shown a water or brinetank for quenching baths. Water is forced by^ 
pump or other means through the supply pipe into the. intermediate space between 
the outer and inner tank. From the intermediate space it is forced mto the inner tajf 
through holes as indicated. The water returns to the storage tank by overflowing frcmJ 
the inner tank into the outer one and then through the overflow pipe as indicated. $ 
Fig. 3 is shown another water or brine tank of a more common type. In this case 11 
water or brine is pumped from the storage tank and continuously returned to it. If ^ 
storage tank contains a large volume of water, there is no need'of a special means '& 
cooling. Otherwise, arrangements must be made for cooling the water after it ha! 
passed through the tank. The bath is agitated by the force with' which the waters 
pumped into it. The holes at A are drilled at an angle, so as to throw the water tome* 
the center of the tank; In 1 Fig, 2 is shown an oil quenching tank in which water 
circulated in an outer surrounding tank for keeping- the oil bath cool. Air isforct 
into the oil bath to keep it agitated. Fig: 4 shows the ordinary type of quenching tau 
cooled by water forced througha coil of pipe. This can be used for oil, water or brinS 
Fig. 5 shows a similar type of quenching tank, but with two coils of pipe. Water flow| 
through one of these and steam through the other. By these means it is possible** 
keep the bath at a constant temperature. 1 *' '■' 

Interrupted Quenching. — Austempermg, martempermg, and isothermal qvsnm 
ing are three methods of interrupted quenching that have been developed to obtaP 
greater toughness and ductility for given hardnesses and to avoid the difficulties^ 
quench cracks, internal stresses, and warpagC, frequently experienced when the coL 
ventional metho'd of quenching steel directly and rapidly from above the transferal* 
tion point to atmospheric temperature is employed. lit each of these three methods! 
quenching is begun when the work has reached some temperature above the trensKa 
rnation point and is conducted at a rate faster than fhe.critical rate. The rapid cooliip 1 
of the steel Is interrupted, however, at some temperature above that at which t*° 
tensite begins to form. The three methods differin the temperature range at w, ^ 
interruption of the rapid quench takes place, the length of time that the steel is M 
at this temperature, and whether the subsequent cooling to atmospheric temperature 
is rapid or slow, and is or is not preceded by a tempering operation. 

One of the reasons for maintaining the steel at a constant temperature for a definii 
period of time is to permit the inside sections of the piece to reach the same tempe 




Fig. 3 



Fig; 4 



- ;.Ha-.5. 



ature as the outer sections so that. when ^transformatjoii of the stocture does take 
place, it will occur at about the same rate and period of time lirpughout thVpiece! In 
order to maintain the constant, temperature required in interrupted quenching a 
quenching arrangement for absorbing and dissipating a large quantity of heat without 
increase in temperature is needed, Molten, salt baths equipped for water, spray pr air 
cooling around the exterior of the bath container tiaye been used for this purpose. " 
m vAustempering; This is a heat r treating process in which steels are quenched in, a 
batii maintained at some constant temperature in the range .of 350 to Soo degrees- F.,- 
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depending upon the analysis of the steel and the characteristics to be obtained. \3 
immersion in .the quenching bath; the steel is cooled more rapidly than the cr® 
quenching rate. When the temperature of the steel reaches that of the bath, now J 
the quenching action is interrupted. If the steel is now held at this temperature *f 
predetermined length of time, say, from ib to 6d minutes, the aus'temtic structure 
the steel is gradually changed into a new structure, called bainite. The structji 
bainite is acicular (needlelike) and resembles that of tempered martensite such JL 
usually obtained by quenching in the usual manner to atmospheric tempera^ J 
tempering at 400 degrees F. or higher. . / . -J 

Hardnesses ranging up to 60 Rockwell C, depending upon the carbon and a fc 
content of the steel, are obtainable and compare favorably wtjh those obtained^ 
the respective steels by a conventional quench and tempering to above 400 deg^ 
F. Much greater toughness and ductility is obtained iiri an austempered piece; 
ever, as compared with a similar piece quenched and tempered in the usual mainjSf 

Two factors are. important in austempering./FirsJ, the 'steel must be quencS s 
rapidly enough to the specified sub-transformation temperature to avoid any f Qr j§l 
tion of peurlite, and second;: it must be held~at this temperature until the transEojjjy 
tion from austenite" to bainite is completed. Time and temperature transform^ 
curves (called S-curves. because of their shape) have been developed for differ^ \ 
steels and these provide important data governing. the conduct of austempering J 
well as the other interrupted quenching methods. . .. * 

Austempering, has been applied cmefly4p- steels having .0.60 per cent or vm 
carbon' content with or without additional low jaUoy content, and to pieces of S jM 
diameter or section, usually under 1 inch but varying with the composition of|| 
steel. Case hardened parts may also be austempered. • : . . ' L 

Martempering: This is a process in which- the; steel is hrst rapidly quenched fr| 
some temperature above the transformation point down to "some, temperature (usHajj! 
about 400 degrees F.) just above that at which martensite begins to form. It isfliT 
held at this temperature for. a .length of time sufficient to equalize the temperatL 
throughout the part, after which it is removed and eooled iri air. As the temperatffl 
of the steel drops below the transformation point, martensite begins to forra4ir 
matrix of austenite ai a fairly, uniform rate throughout the piece. The soft austenl 
acts as a cushion to absorb some of the stresses which develop as the martensittl 
formed. Because of this fact, the difficulties presented by quench cracks, intgi 
stresses, and dimerisional changes ;are largely 'avoided, while at the same tinfe! 
structure of high hardness can be obtained. If greater toughness and ductilityM 
required, conventional tempering may follow: In general, 'heavier sections cang 
hardened more easily by the martempering process than by the austempering pro® 
The martempering process is especially suited, to the higher alloyed steels. « 

Isothermal Quenching: This process resembles austempering in that the steel! 
first rapidly quenched from above the transformation point down to a temperate 
which is above that at which martensite begins to form and is held at this tempera® 
until the austenite is completely transformed into bainite. The constant tempel 
ture to which the piece is quenched and then maintained is usually 450 degrees M 
above. The process differs from austempering in that aftertrarisfofmation toabaitugj 
structure has been completed, the steel; is .immersed in another: bath and is brow 1 
up to some higher temperature, depending upon the : characteristics desired, aiijf 
maintained at this temperature for a definite period of tlmerfdllowed by cooing! 
air. Thus, tempering to obtain the desired toughness orduetility takes place inffifll 
ately after the structure of the steel has changed to bainite and before it is cooled^ 
atmospheric temperature. 



